plasm, accounting for more than 30% of all cancer forms Because the prevalence of several risk factors for cervical cancer, within this population [2] . The annual age-adjusted mortality including sexual behavior, reproductive patterns, contraceptive rate of cervical cancer in Taiwan increased from 6.06 per use, and cigarette smoking, has changed significantly over time 100,000 in 1974 to 10.02 in 1993, a 1.4-fold increase over among Taiwanese women, it is of interest to analyze the impact 20 years [3] . This malignancy is now the lead in cancer of these trends on the incidence and mortality rates for this cancer incidence and is the third leading cause of cancer deaths during the decades between 1970 and 1990. The number of deaths among Taiwan's females, with a cumulative incidence and from cervical cancer was obtained from the Taiwan Provincial mortality rate to age 85 of 4.2 and 1.3%, respectively [2] .
INTRODUCTION tained from data published by the Ministry of the Interior in Taiwan [4] . Mortality rates were stratified by 5-year age Although during the past several decades, the rate of cervi-groups. cal cancer have declined significantly in Western countries, it remains one of the most common female forms of cancer Incidence Data in developing countries [1] . In Taiwan, as recent as the early 1990s cervical cancer still remained the most frequent neoThe National Cancer Registry Campaign was begun only recently in Taiwan and hence information about the incidence of cervical cancer since 1979 was available for this 1 To whom correspondence and reprint requests should be addressed at 
Statistical Age-Period-Cohort Analysis
The matrix of the age-specific death rate was calculated for each 5-year period interval, beginning with 1974 to 1978, and 5-year age interval, beginning with age 20 to 24. The matrix of the age-specific incidence rates was calculated for each 3-year period interval, beginning with 1979 to 1981, and 3-year age interval, beginning with age 25 to 27. The effects of age, period, and birth cohort were examined using a log-linear Poisson regression model, modified from Osmond and Gardner's method [7] . The statistical model used in these analyses was
where R ijk represents the observed mortality/incidence rate in a particular age-period-cohort category; K is a constant; A i , P j , and C k represent the age, period, and cohort effects, respectively; and E ijk represents random error. The mortality/ incidence from cervical cancer is assumed to follow a Poisson distribution.
FIG. 1.
Trends in crude and age-adjusted mortality rates of cervical cancer in Taiwan from 1974 to 1992. try [2] . Each cervical cancer case was characterized by detailed demographic data including age at diagnosis, period at diagnosis, and birth date. Cervical cancers reported to Taiwan Cancer Registry were classified into three histologic types according to the International Classification of Disease for Oncology (ICD-0) [5] : squamous cell carcinoma (ICD-0 codes 8000, 8010, 8070-8072, and 8076), adenocarcinoma (ICD-0 codes 8140, 8260, 8430, 8441, 8480, 8481, and 8560), and adenosquamous cell carcinoma (ICD-0 codes 8560 and 8570). Cases for which the cervix histologic type could not be determined (ICD-0 code 9990) were also tabulated (cervix, not otherwise specified). A total of 21,726 women with cervical cancer was collected for the analyses during the period 1979-1990. Incidence rates were stratified by 3-year age groups.
Descriptive Analysis
To adjust for the effect of difference in age composition for different periods, the total and age-specific rates of cervical cancer mortality from 1974 to 1992 and incidence from 1979 to 1990 in Taiwan were age-adjusted to the 1976 world population [7] . based on the goodness-of-fit of each one. In the study, these measures were taken as the inverse of the deviance statistics. The sum of each of the three effects was constrained to be zero. These effects can be interpreted as logarithms of relative risks. The computer program SAS/ IML was used for the computation [8] . Figure 1 shows the trends of crude, age-adjusted, and cumulative mortality rates of cervical cancer in Taiwan between 1974 and 1992. The crude mortality rate was 3.93 per 100,000 in 1974 and 7.58 in 1992. The age-adjusted mortality rate was 6.06 per 100,000 in 1974 and 8.28 in 1992. The average annual increase of cervical cancer mortality rate was 0.09% during this study period.
RESULTS

Cervical Cancer Mortality
Trends in the age-specific mortality rates for each 10-year age group are plotted in Fig. 2 . The upward trend in mortality was evident primarily at the age groups of 20-29 and 65 years and older. This observation can be also noted in Fig.  3 , which represents the age-specific death rates plotted against age. Within the three time periods, the age-specific mortality sharply increased until the age group of 50-54 range of 35-54 years. Figure 9 plots age-specific incidence However, this analysis of age-specific death rates did not against age. In each time period, that is, in 1979-1981, consider the period and cohort effect upon which the secular 1982-1984, 1985-1987, and 1988-1990 , the rate rose extrend depended. Figure 4 shows the logarithm of relative risks of cervical cancer mortality in different age groups (i.e., the age effects) as derived from the age-period-cohort (APC) model. The age effects increased with age even after menopausal age, although the slope became much more moderate, corresponding to menopausal age. The older the age, the greater the risk. The older age group of 50-54 years has 89.3 times the risk of the younger age group of 30-34 years. Figure 5 shows the period effects. The period effect increased from 1974-1977 to 1973-1987 and then declined slightly. The period effect was less striking than the age effect.
The cohort effect is depicted in Fig. 6 . A steady decrease in the cohort effect was observed among women born after 1938, except for an increase in the birth cohort of 1968.
Cervical Cancer Incidence
Crude, age-adjusted, and cumulative incidence rates of cervical cancer in Taiwan between 1979 and 1990 are shown in Fig. 7 . It can be seen that the crude incidence rate has decreased from 20.81 per 100,000 in 1979 to 17.35 in 1990 and the age-adjusted incidence rate from 28.43 per 100,000 to 19.45 in 1990. The average annual decrease of incidence rate was 0.88% during this study period.
Trends in the age-specific incidence rate are shown in Fig.   FIG. 8 . Trend in age-specific incidence rates of cervical cancer in Taiwan, 1979-1990. 8. The rate has rapidly decreased, particularly in the age ponentially up to the age group of 52-54 years and then declined with advancing age. Figure 10 shows the age effects on incidence rates of cervical cancer. Prior to the age group of 49-51 years, there is a near linear trend in the effect of age in the form of the logarithm of relative risks for cervical cancer, after which it decreases with age. Figure 11 shows the period effect, also presented in the form of the logarithm of relative risks. A slight increase was evident from 1979-1981 to 1982-1984 and then declined consistently. Figure 12 shows the cohort effect from 1909 to 1960. For the earlier birth cohorts, the cohort effect fluctuates and remains above the average, while the cohort effect has dramatically decreased after the birth cohort of 1936, with the exception of a slight increase in the birth cohort of 1951 and 1957. The decrease was such that the 1936 cohort had a risk of cervical cancer 3.8 times larger than the 1960 cohort. Table 1 shows the rates of cervical cancer by age, time period, and histologic type. While the data show that the incidence rates of squamous cell carcinoma decreased in all age groups, adenocarcinoma, however, increased from 1. 19   FIG. 10 . Age effects on the incidence of cervical cancer in Taiwan between 1979 and 1990. to 1.41 per 100,000 between 1979 and 1990, with the increase being more pronounced within the age group of 25-34 years. Adenosquamous carcinomas are even less common, and rates change little after increasing during the period of 1979-1982 to 1983-1986 . The rates of invasive carcinoma that were not further specified by histologic type decreased from 1979-1982 to 1983-1986 and then plateaued.
Cervical Cancer Incidence by Histologic Type
DISCUSSION
In the present study, we have summarized the trends in cervical cancer mortality and incidence rates in Taiwan. Most notable among these trends, the age-adjusted incidence rate decreased by 31.6% between 1979 and 1990, while the age-adjusted mortality rate increased by 15.2%. This disparity reflects a poor survival rate of cervical cancer in Taiwan. However, in recent years, the cervical cancer incidence rates have been clearly declining and may reflect in part the increasing use of the Pap smear [9] . This trend may ultimately lead to a decline in cervical cancer mortality, although mortality trends can be expected to lag behind incidence variations in view of the fact that the median survival time for women diagnosed with cervical cancer is about 6 years in Taiwan [9] . From the data presented in Table 1 incidence of adenocarcinoma increased from 1.19 to 1.41 per decreasing trends in mortality and incidence began and (2) to quantify the separate effects of the age, period, and cohort variables on the mortality and incidence rates, adjusting for the temporal effects. The model adequately addresses these purposes, because it derives the separate effects of age, period, and cohort on mortality and incidence rates adjusted for one another. Although the limitation of this technique was subsequently noted by Holford, and a more objective method among the APC models proposed [13], the analyses described the present data very well and successfully attained the aims mentioned above.
Most epidemiologic studies have incriminated various risk factors for cervical cancer. Major risk factors for cervical cancer include multiple sex partners and early age at first intercourse [18, 19] . However, the sexual behavior of Taiwanese men and women differs from contemporary Western practices. There is a conventional double standard for sexual behavior in Taiwan's population. While female virginity prior to marriage and fidelity subsequent to marriage are highly valued, many husbands frequently visit prostitutesa practice which is tolerated within society. Given this pattern of sexual behavior, prostitutes may act as an infectious reservoir, and the husband's sexual behavior may be a major determinant in the risk factors for cervical cancer in wives, particularly among those not using condoms. transmission by infectious agents [20] . Our previous casecontrol study [21] conducted in Taiwan during the period 1991-1994 revealed that the mean lifetime number of sex 100,000 between 1979 and 1990, compared with a significant decrease in the squamous cell carcinoma, the increase being partners slightly increased from an average of 1.1 among women age 50 and older to 1.5 among those under age 40. more pronounced among the age group of 25-34 years. This pattern is consistent with several studies from different Furthermore, the average age at first intercourse declined from 23.7 to 20.4, and the percentage of a husband's ever geographical areas, including the U.S.A.
[10], UK [11] , and Norway [12] .
visiting prostitutes increased from 28.6 to 40.4%. Moreover, the prevalence of condom use has been less than 18% of all Time trend of mortality and incidence rates for a particular disease can provide an epidemiologist with valuable clues or women. However, the protective role played by condoms has probably been minor due to the low prevalence of use hypotheses for disease etiology [13] . Three temporal factors which are often considered in such an investigation are age, in Taiwan, although usage is now increasing in response to the AIDS epidemic. These differences partly reflect the time period, and birth cohort. In 1939, Frost first employed these three factors on mortality rates from tuberculosis in increasing sexual freedom arising within the past several decades, and it is supported by the parallel trend rates of Massachusetts [14] . This technique was adopted further by Case to establish the value of cohort analysis [15], but the sexually transmitted diseases [22] . Yet changes in sexual activity are not reflected in the trends for cervical cancer. technique remained a graphical one and the contributions of various time factors were determined visually to examine Recent studies among Hispanic women in the U.S.A. and in Latin America [23, 24] , in which multiple births are more patterns in disease rates over time [16] . In contrast, statistical APC analysis has been developed in an attempt to overcome common, indicate that the number of births has an independent and relevant role in cervical cancer. In Taiwan, the total these drawbacks and to quantify the separate effects of the age, period, and cohort variables, provided suitable con-fertility rate fell rapidly from 1960 to 1980: 5.78 in 1960 and 2.50 in 1980 [3] . The rate was almost fixed at 2.50 in straints are imposed [17] . The constraints proposed by Osmond and Gardner were determined solely within the data the early 1980s and then showed a gradually declining trend, and in 1992 it was 1.80. The fact that these findings reflect and yielded an objective indication of the statistical significance of a particular pattern [7] . We used the APC model a rapid decrease in the cohort effect on incidence after the 1936 birth cohort (Fig. 12 ) might be partly explained by the for two goals: (1) to determine in which generations the decrease in parity, since the 1936-1950 birth cohort, in our
In the age-mortality curve in Taiwan, 1974-1992, the rates increased with age even after so-called age at menoanalysis, came into child-bearing age in the midst of 1960s-1980s, which was a period of family planning and a marked pause (Fig. 3) ; however, in the age-incidence curve in Taiwan, 1979-1990, a small decline with age was noted after birth control campaign in Taiwan. This coincidence in time may imply that reproductive factors are one of the most menopause (Fig. 9) . Our analysis using the APC mode provides clue to rule out this fall in cross-sectional rates after possible sources of the cohort effect.
It has been suggested that the increased use of OCs may menopause to a cohort effect, because the age effect on incidence, which is adjusted for the cohort and period effect, be linked to the increase in cervical cancer incidence [28] , while Winkelstein found in 15 of 18 studies carried out since also decreases after the age at menopause. Thus it is reasonable to suggest that occurrence of cervical cancer may be 1966 an association of smoking with the increased risk of cervical cancer [27] . Yet the prevalence of Taiwanese influenced by female sex hormones such that incidence stops linear increase after the menopause. This explanation is conwomen who ever smoked cigarettes is as low as 3.2%, and the prevalence of those who ever used oral contraceptives sistent with the patterns observed elsewhere, including the UK, Finland, and Norway [30] . is 8.7%. Thus oral contraceptives and smoking explain little of the time trends in cervical cancer among this population.
In applying to APC analyses to mortality and incidence trends in the present study, there was a substantially decreasAn important factor influencing cervical cancer trends is the increased use of screening practices to detect precursor ing risk of cervical cancer incidence during the period from 1979-1981 to 1988-1990 , while the period effect on morlesions while reducing the incidence of invasive cervical cancer [25, 26] . Our previous study showed that the per-tality was moderating during the period from 1974-1977 to 1988-1992 . Interpretation of these findings is complicated centage of women older than 30 who reported ever having had a Pap smear increased from 23.5% in 1970s to 63.9% by the fact that the period effects could be due to factors such as changes over time in medical care, screening practices, in 1990s [9] . These patterns are consistent with the observed trends in cervical cancer incidence rates (Fig. 7) . prevalence of hysterectomy, and registration practices. Thus, it is possible that period effects do not reflect etiologic disHowever, Taiwan data contrast with those of the UK, where an increase in cervical cancer incidence has been tinctions, but more trivial period factors.
As regards cohort effects, for the earlier birth cohorts, the reported at young ages [29] .
1984 appeared to be moderating during 1988-1990, continued surveillance is warranted.
